Summary. Amongst the proteinase inhibitors tested, thiolstatin, a specific inhibitor for the thiol proteinases, leupeptin and antipain, both specific inhibitors of serine-and thiol-proteinases, strongly reduced fertilization of hamster oocytes in vitro. These results suggest the possible involvement of thiol proteinase(s), as well as acrosin, in the fertilization process. A possible role for thiol proteinase in sperm adhesion to the zona pellucida is proposed.
Introduction
The existence of a trypsin-like enzyme in mammalian spermatozoa has been recognized since the initial report by Yamane (1935) . The enzyme has been named 'acrosin' (Zaneveld, Robertson, Kessler & Williams, 1971) and 'acrosomal proteinase' (EC 3.4.21.10) . Because natural and synthetic acrosin inhibitors interfere in vitro and in vivo with fertilization in rabbits (Stambaugh, Brackett & Mastroianni, 1969; Zaneveld et al, 1971 ), hamsters (Miyamoto & Chang, 1973) and mice (Bhattacharyya, Goodpasture & Zaneveld, 1979) , it has been suggested that acrosin is required for sperm penetration through the egg investments, especially the zona pellucida.
However, purified ram acrosin derived from several million spermatozoa did not remove the zona pellucida from sheep eggs (Brown, 1982) , whereas penetration of the zona by the fertilizing spermatozoon requires only a few minutes. The role of acrosin in sperm penetration of zona pellucida is therefore still inconclusive (Morton, 1977 Proteinase inhibitors. The proteinase inhibitors used in this study were the same as those used in a previous report (Ichikawa, Morioka, Ohta, Oda & Murao, 1983 ). -, antipain and chymostatin were dissolved in 100% dimethylsulphoxide (DMSO) and the remaining inhibitors were dissolved in saline (8-5 g NaCl/1) at appropriate concentrations. The final concentrations of DMSO and saline in the insemination medium were always 0-5% and 5% respectively. The inhibitor solutions were added to the sperm suspensions immediately before insemination at a final concentration between 1 and 160 pM.
Results

Effects ofproteinase inhibitors on fertilization
Amongst the proteinase inhibitors examined leupeptin, thiolstatin and antipain exhibited strong inhibitory effects on fertilization and also reduced polyspermy (Table 1 ). The percentages of fertilization and polyspermic eggs of DMSO controls were significantly greater than those of the saline controls. DMSO seems to influence the zona pellucida and facilitate sperm penetration.
Nevertheless, at a concentration of 004 mM, the percentage fertilization was lowest for the eggs treated with antipain. -exhibited a lesser, but significant, effect. Pepstatin, E-64, and chymostatin had no effect upon fertilization at a concentration of 0-16 mM.
All of the ova examined were entirely free of follicular cells and corona radiata. They were surrounded with zona pellucida and had no supplementary spermatozoa in the perivitelline space.
Of 304 ova treated with effective proteinase inhibitors 68% had no spermatozoa adhering to the zona surface, whereas only 3% of control ova and 7% of ova treated with ineffective inhibitors were free of adhering spermatozoa ( Table 2 ). The number of spermatozoa adhering to one ovum ranged from 1 to more than 30, and there was no dissimilarity in the number of adhering spermatozoa whether ova were treated with effective inhibitors or not.
Time required for the thiol proteinase action during in-vitro fertilization Thiolstatin was added to the insemination medium at a final concentration of 016 mM 1-15 min after insemination, and the ova were examined 5 h later. When the inhibitor was added 1 min after insemination, penetration was blocked in all 8 ova, but the addition of inhibitor 3 min later permitted penetration of 8/46 (17%) ova. When the inhibitor was added 15 min after insemination, the percentage penetration (20/23, 87%) reached the control level (30/36, 83%). (Table 3 ). This finding suggests that the antifertility effects of antipain and leupeptin are the result of inhibition of thiol proteinase. Acrosin is generally accepted as a zona-penetration enzyme and confirmed as a serine proteinase; acrosin isolated from boar spermatozoa is inhibited by di-isopropyl fluorophosphate, a specific inhibitor of serine proteinases and not of thiol proteinases (Polakoski & McRorie, 1973) . However, the ID50 values of antipain and leupeptin to trypsin were about 16 times the ID50 value to papain (Table 3) . Therefore, inhibition of egg fertilization by antipain and leupeptin can be ascribed mostly to inhibition of the thiol proteinase and partly to inhibition of acrosin. E-64 had no effect on fertilization, although it is a specific inhibitor of thiol proteinases (Hanada et al, 1978) . The failure of E-64 to act may be due to the enzyme specificity. A similar difference in enzyme specificity was observed between the chymotrypsin and trypsin inhibitors : the ID50 value to papain ofand chymostatin was as low as any value of antipain and leupeptin, butand chymostatin exhibited weak or no effect on egg fertilization, whereas the trypsin inhibitors strongly inhibited fertilization (Table 3) .
Denudation of follicular cells and corona radiata from all ova treated with effective proteinase inhibitors indicates that they did not prevent sperm penetration through the cement substances surrounding the follicular cells. Furthermore, no spermatozoon was observed in the perivitelline spaces of ova treated with thiolstatin, as was the case with ova treated with leupeptin, antipain or -. These observations suggest that sperm penetration of the zona is the critical step at which the thiol proteinase functions. When strong inhibitors, such as thiolstatin, leupeptin and antipain, were added to the insemination medium, the percentage of sperm-free ova was significantly higher than with controls and groups treated with ineffective inhibitors. This finding suggests that the thiol proteinase may act on the initial attachment of the spermatozoon to the zona pellucida, as has been proposed for acrosin (Bhattacharyya & Zaneveld, 1982) .
A possible role for acrosin on the dispersion of the acrosomal matrix in the acrosome reaction during mouse and guinea-pig fertilization has been proposed (Fraser, 1982; Perreault, Zirkin & Rogers, 1982) . The present results cast no light on the question whether the thiol proteinase functions by dispersing the acrosomal matrix or by lysing a passage for the spermatozoon through the zona pellucida. This question remains for future study.
